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Pneumonia remains a major cause of death in developed countries [1].
Patients with community-acquired pneumonia (CAP) are most often man-
aged in an outpatient setting. The mortality rate in this patient population
is low (!1%) in contrast to patients who require hospitalization, who
have a mortality rate of approximately 15%. Because most patients with
pneumonia are managed by emergency and primary care physicians, infec-
tious disease specialists tend to see a population of patients with pneumonia
that is skewed toward more complicated and severe infections. Emergency
physicians may be less inclined than infectious diseases specialists to pursue
aggressive diagnostic testing and cultures, except in patients who are seri-
ously ill. Whereas in the past decisions regarding initial antibiotic therapy
were deferred to admitting primary care and consulting physicians, quality
standards currently reinforce timely initiation of antibiotics in the emer-
gency department (ED). The practicality and ultimate consequences of arbi-
trary time standards are debated, however. Pneumonia management
remains challenging because of several constantly changing factors,
Infect Dis Clin N Am 22 (2008) 53–72* Corresponding author. Department of Emergency Medicine, Olive View-University of
California, Los Angeles Medical Center, 14445 Olive View Drive, North Annex, Sylmar, CA
91342–1438.
E-mail address: gmoran@ucla.edu (G.J. Moran).
0891-5520/08/$ - see front matter  2008 Elsevier Inc. All rights reserved.
doi:10.1016/j.idc.2007.10.003 id.theclinics.com
54 MORAN et alincluding an expanding spectrum of pathogens, changing antibiotic resis-
tance patterns, the availability of newer antimicrobial agents, and increasing
emphasis on cost effectiveness and outpatient management.
For patients with classic complaints of fever and productive cough, the
clinical diagnosis of pneumonia is straightforward, especially when accompa-
nied by pulmonary infiltrate on plain chest radiographs. More challenging,
however, is identifying pneumonia in patients who present with atypical com-
plaints (eg, abdominal pain). Once pneumonia is diagnosed, the priorities in
the ED are to provide appropriate respiratory support, assess the severity of
disease, initiate appropriate empiric antibiotic therapy based on the most
likely pathogens, and make decisions regarding hospitalization and the
need for isolation. Issues for which emergency physicians and infectious dis-
ease specialists may have different perspectives include the use of blood and
sputum cultures, indications for hospital admission, appropriate level of
care, and the breadth of antimicrobial spectrum for empiric therapy.Diagnostic testing for pneumonia in the emergency department
Cough is a common presenting complaint; however, only a small fraction
of patients who present with cough are diagnosed with pneumonia (4% in one
large series) [2]. Patients with respiratory complaints should be screened with
pulse oximetry at triage because hypoxia may not be otherwise clinically sus-
pected, and its presence is an important diagnostic clue with therapeutic im-
plications [3]. In most healthy older children and adults, the diagnosis of
pneumonia can be reasonably excluded on the basis of history and physical
examination, with suspected cases further evaluated by chest radiography.
Absence of any abnormalities in vital signs or chest auscultation substantially
reduces the likelihood of pneumonia. No single clinical finding, however, is
highly reliable in establishing or excluding a diagnosis of pneumonia [4].Chest radiographyChest radiography is generally the most important test for establishing
the diagnosis of pneumonia. Although it is clear that many chest radio-
graphs are performed unnecessarily on patients with upper respiratory tract
infections or bronchitis, it is difficult to identify a set of specific criteria to
direct test ordering that is better than the clinical judgment of an experi-
enced physician [5]. Routine chest radiography for all patients who present
with cough is not necessary but may be reserved for patients without a his-
tory of asthma who have other suggestive findings (eg, fever, tachycardia,
decreased oxygen saturation, or focal abnormality on lung examination)
[6]. Among patients who are suspected of having pneumonia, these clinical
findings have been prospectively validated and are better predictors of a ra-
diographic infiltrate than physician judgment [7]. Patients with serious un-
derlying disease or severe sepsis/septic shock in whom hospitalization is
55DIAGNOSIS AND MANAGEMENT OF PNEUMONIAconsidered should have a chest radiograph performed. CT of the chest seems
to be more sensitive than plain radiography for detecting the presence of
pulmonary consolidation, although the natural history and clinical signifi-
cance of CT-positive, plain radiograph-negative pneumonia are not clear
[8]. CT may play a role in evaluating for other pulmonary diagnoses that
may mimic pneumonia, such as pulmonary emboli, and may further delin-
eate the nature of the pneumonia, such as in the case of necrotizing infection
associated with community-associated methicillin-resistant Staphylococcus
aureus (CA-MRSA).
Young, healthy adults with a presumptive diagnosis of pneumonia who are
treated as outpatients may have chest radiography deferred unless there is
a suspicion of immunocompromised status, tuberculosis (TB), or other un-
usual features of disease. Chest radiography should be performed subse-
quently if there is a poor initial response to treatment. Routine performance
of chest radiography for patients with exacerbation of chronic bronchitis or
chronic obstructive pulmonary disease is of low yield and may be limited to
patientswith other signs of infectionor congestive failure [9]. Studies of infants
with fever show that routine chest radiography is of low yield in the absence of
other symptoms or signs of lower respiratory tract infection (eg, cough, rales,
or elevated respiratory rate) [10,11].One study found that leukocytosis was as-
sociated with occult pneumonia in children [12], but it is not clear whether
identifying these cases has any clinical significance [13].
Rarely, patients with a clinical picture that strongly suggests pneumonia
have a normal chest radiograph, and some are found to have an infiltrate
noted within the next 24 to 48 hours. The absence of findings on a chest ra-
diograph should not preclude the use of antimicrobial therapy in appropri-
ate patients with a clinical diagnosis of pneumonia [14]. Whether the state of
hydration can affect the radiographic appearance of pneumonia is unclear.
Although severe dehydration theoretically could result in a diminished exu-
dative response by decreasing blood volume and hydrostatic pressure, this
finding has not been demonstrated in experimental models [15,16].Laboratory studiesLaboratory studies are of limited use for establishing the diagnosis and
specific cause of pneumonia. Although the finding of a white blood cell
(WBC) count of more than 15,000/mm3 increases the probability of the pa-
tient having a pyogenic bacterial origin rather than a viral or atypical origin,
this finding depends on the stage of the illness and is neither sensitive nor
specific enough to aid decisions regarding therapy in an individual patient.
A WBC count may be helpful if it reveals evidence of immunosuppression,
such as neutropenia or lymphopenia, which may indicate immunosuppres-
sion from AIDS. Serum lactate dehydrogenase may be helpful in evaluating
possible Pneumocystis pneumonia (PCP) in patients known or suspected to
have HIV infection. Several rapid HIV tests are available that may be
56 MORAN et alhelpful in this situation [17]. Although CD4 counts usually cannot be ob-
tained within the time frame of an ED visit, total lymphocyte count of
less than 1000/mm3 predicts a higher likelihood of CD4 count less than
200/mm3 [18]. When suspicion exists for severe sepsis/septic shock, serum
chemistry and coagulation studies may be helpful in evaluating patients
for metabolic acidosis, renal and hepatic dysfunction, and disseminated in-
travascular coagulation. In the absence fluid-unresponsive hypotension, el-
evated arterial and central venous lactic acid levels also may indicate the
need for early and aggressive hemodynamic resuscitation and broader em-
pirical antibiotic therapy.
Patients with a pleural effusion should have a diagnostic thoracentesis
performed with fluid sent for cell count, differential, pH (pH !7.2 predicts
a need for chest tube), Gram stain, and culture. Although it is preferred to
obtain pleural fluid specimen as early as possible, because of time con-
straints it is not always possible to perform diagnostic thoracentesis in every
patient with pleural effusion in the ED. For most patients, thoracentesis can
be deferred until after hospital admission. Patients in significant respiratory
distress or with evidence of tension and mediastinal shift require emergent
diagnostic and therapeutic thoracentesis, however. Assessment of respira-
tory function with pulse oximetry is important in the evaluation of patients
with pneumonia. Because clinical assessment of oxygenation can be inaccu-
rate [3], a pulse oximetry reading should be obtained in any patient sus-
pected of having pneumonia in the EDdand ideally upon ED triage.
Arterial blood gas measurement is usually unnecessary.Identifying a specific etiologic agentMany textbookdiscussions of pneumonia include clinical features thatmay
predict a specific cause of pneumonia (eg, ‘‘currant jelly’’ sputum and bulging
fissure on chest radiograph for Klebsiella pneumoniae, bullous myringitis for
Mycoplasma). These findings have poor predictive value, however, and their
presence or absence should not guide empiric therapy. Fortunately, recom-
mended empiric regimens for CAP have activity against the most likely etiol-
ogies, so a specific etiologic diagnosis is usually unnecessary.
Pneumonia is often divided into two types: (1) ‘‘typical’’ pneumonia, which
is caused by pyogenic bacteria, such asStreptococcus pneumoniaorHaemophi-
lus influenzae, and is characterized by productive coughwith purulent sputum,
high fever, and lobar consolidation, and (2) ‘‘atypical’’ pneumonia, which is
caused by organisms such as Mycoplasma pneumoniae and Chlamydophila
pneumoniae (formerly known asChlamydia pneumoniae), and is characterized
by a nonproductive cough with diffuse interstitial infiltrates. This differentia-
tion is somewhat artificial; a clear differentiation between these two types of
pneumonia on clinical grounds alone is impossible, and coinfection can occur.
Factors studied prospectively and found not to bemore frequent with atypical
pneumonias than with pyogenic bacterial etiologies include gradual onset,
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absence of pleurisy, absence of consolidation, low leukocyte count, and an ill-
defined infiltrate on chest radiograph [19].
Although it is impossible to determine with a high degree of certainty the
specific cause of pneumonia without results of microbiologic or serologic
tests, certain clinical features suggest a specific microbial cause. For exam-
ple, a patient with known or suspected HIV and diffuse interstitial infiltrates
should be evaluated for possible PCP. A severe, necrotizing pneumonia in
the setting a previously healthy person with influenza should suggest
CA-MRSA [20]. A patient with a history of intravenous drug use and plain
chest radiograph with multiple focal infiltrates consistent with septic emboli
should be suspected of having endocarditis, which is usually caused by
S aureus (including MRSA). Geographic exposure to a current outbreak
may lead to suspicion of infections such as avian influenza or severe acute
respiratory syndrome.
Radiographic findings are poorly predictive of a particular infectious
cause. For example, Mycoplasma pneumonia may present as a dense infil-
trate, or pneumococcal pneumonia may present as a diffuse interstitial infil-
trate. Immunocompromised patients are particularly prone to having
atypical radiographic appearances. Findings such as apical pulmonary infil-
trates, hilar adenopathy, and cavitation suggest TB, however, and should
prompt initiation of appropriate isolation measures.Sputum Gram stain and cultureSputum Gram stain is often recommended as a means to determine the
presence of a bacterial pathogen, allowing more specific antimicrobial ther-
apy, but rarely results in a change in therapy or outcome. The routine use of
sputum Gram stain as a basis for empiric therapy in the ED can be problem-
atic for several reasons. Many patients are not able to provide an adequate
sputum specimen. Induction of sputum without adequate isolation facilities
can put patients and staff at risk if sputum is induced from persons with un-
recognized TB. Correlation between identification of pneumococcus on
Gram stain and sputum culture results is poor, even when commonly
used criteria for an adequate sputum specimen (less than five squamous ep-
ithelial cells and O25 WBC/high power field) are applied. Gram stains are
even less likely to demonstrate gram-negative pathogens, such as H influen-
zae, and should not be relied on to rule out a gram-negative cause.
Earlier recommendations regarding sputumanalysis arose in the era of nar-
row spectrum antibiotics andmay be less important in the era of broader spec-
trum agents that are given routinely for empirical treatment. Empirical
antimicrobial agents are usually highly clinically effective if chosen based on
clinical information without sputum analysis. With a high proportion of S
pneumoniae strains resistant to penicillin, most physicians would not choose
to treat a patient with penicillin even if a well-done sputum Gram stain
58 MORAN et alrevealed a predominance of gram-positive diplococci. The most recent Infec-
tious Disease Society of America/American Thoracic Society (IDSA/ATS)
consensus guidelines suggest thatmore aggressive diagnostic testing can be re-
served for themore seriously ill patients. If sputumGram stain and culture are
considered, they should be reserved for the subset of patients with more seri-
ous illness (eg, admitted to the intensive care unit [ICU]), in whom the bacte-
riologic diagnosis is highly uncertain and for whom it is felt that the outcome
may depend on optimal antimicrobial therapy. For example, in the ED, pa-
tients with pneumonia and respiratory failure who require intubation should
have endotracheal suction specimens obtained.Blood culturesThe need for routine blood cultures among patients admitted for pneu-
monia is also controversial [21,22]. Routine blood cultures for patients ad-
mitted with pneumonia have shown mixed results in terms of improved
diagnostic accuracy or ability to guide therapy [23]. Most studies have re-
vealed that the rates of false-positive culture results are similar to true-pos-
itive results, and false-positive culture results increase costs and prolong
hospital stays [24,25]. In one prospective study of 760 patients with CAP,
a change of antibiotic therapy based on blood cultures may have improved
clinical outcome in only three cases (0.4%) [26]. Blood cultures should be
obtained in seriously ill patients; if drawn, they should be obtained before
the initiation of antibiotics (although antibiotics should not be delayed for
this reason). When results are positive, blood cultures reflect the etiologic
agent more accurately than sputum cultures but still only uncommonly
lead to a rational change in antimicrobial therapy. Bacteremia occurs in ap-
proximately 25% to 30% of hospitalized pneumococcal pneumonia cases,
but the diagnosis and therapy are usually well established before blood cul-
ture results are available.
It seems that blood cultures are useful for only a small fraction of admit-
ted pneumonia patients, but it may be difficult to clearly identify who they
are. Increasing reports of severe pneumonia caused by CA-MRSA illustrate
the importance of pursuing the cause of pneumonia, at least in some cases
[20,27,28]. It is reasonable to target patients with more severe illness for
two reasons: (1) the incidence of bacteremia is higher [29] and (2) they
have more to lose if empiric therapy is inappropriate.
The Joint Commission and the Centers for Medicare and Medicaid Ser-
vices have removed routine blood cultures for all admitted patients as
a quality measure, and the most recent edition of the IDSA/ATS guidelines
for management of pneumonia does not recommend routine blood cultures
for all admitted patients [1]. The Centers for Medicare and Medicaid Ser-
vices still include a quality measure for obtaining blood cultures for patients
admitted or transferred to the ICU within 24 hours of hospital arrival [30].
Unfortunately, it is often not possible to predict later transfer to ICU when
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the minority of patients who deteriorate after initial treatment in the hospi-
tal may criticize the lack of blood cultures obtained on admission. Perspec-
tive from these occasional cases should not lead to a conclusion that all
patients admitted with pneumonia need blood cultures. Blood cultures ob-
tained from patients who do not show signs of serious infection at the time
of ED evaluation are of lower yield and often give false-positive results (ie,
contaminants). The follow-up of false-positive blood culture results can be
costly and labor intensive and may lead to unnecessary use of agents such as
vancomycin or linezolid when results are initially reported as gram-positive
cocci in clusters.The big decision: hospital or home?
Probably the single most important decision made in the ED is whether
to admit a patient to the hospital or discharge home. Inpatient treatment of
pneumonia is approximately 25 times more expensive per patient than out-
patient treatment, and most patients are more comfortable in a home envi-
ronment. There is tremendous variability in physician admission decisions
for pneumonia. The more common tendency is overestimation of disease se-
verity, which leads to hospitalization of patients at low risk for death or se-
rious complications [31]. Although no firm guidelines exist regarding
hospital admission, several well-recognized risk factors are associated with
an increased risk of death or a complicated clinical course [32,33]. It is be-
coming more common practice for many hospitals and managed care sys-
tems to use some type of scoring system to assist with decisions regarding
hospitalization for patients who have pneumonia.
One commonly used system is based on the Pneumonia Patient Outcomes
Research Team study, a prospectively validated predictive rule for mortality
among immunocompetent adults with CAP [34]. This model (also known as
the pneumonia severity index [PSI]) suggests a two-step approach to assess
risk. Patients in the lowest risk class who are recommended for outpatient
management are younger than age 50, do not have significant comorbid
conditions (eg, neoplasm, congestive heart failure, cerebrovascular disease,
renal disease, liver disease), and do not have the following findings on phys-
ical examination: altered mental status, pulse 125 beats/min or more, respi-
ratory rate 30 breaths/min or more, systolic blood pressure less than 90 mm
Hg, or temperature less than 35C or 40C or more. Patients who do not fit
the lowest risk category are classified into categories based on a scoring sys-
tem that takes into account age, comorbid illness, physical examination
findings, and laboratory abnormalities (Tables 1 and 2). Hospitalization is
recommended for patients with a score more than 91 (class IV-V), and brief
admission or observation may be considered for patients with a score of 71
to 90 (class III).
Table 1
Pneumonia severity index: scoring system for pneumonia mortality prediction
Patient characteristics Points
Demographic factor
Age
Male Years of age
Female Years of age – 10
Nursing home resident 10
Comorbid illness
Neoplastic disease 30
Liver disease 20
Congestive heart failure 10
Cerebrovascular disease 10
Renal disease 10
Physical examination finding
Altered mental status 20
Respiratory rate O30 20
Systolic blood pressure !90 mm Hg 20
Temperature !35C or O40C 15
Pulse O125 beats/min 10
Laboratory or radiographic finding
Arterial pH !7.35 30
Blood urea nitrogen O30 mg/dL 20
Sodium !130 mEq/L 20
Glucose O250 mg/dL 10
Hematocrit !30% 10
Arterial pO2 !60 mm Hg 10
Pleural effusion 10
Adapted from Bartlett JG, Dowell SF, Mandell LA, et al. Practice guidelines for the man-
agement of community-acquired pneumonia in adults: Infectious Diseases Society of America.
Clin Infect Dis 2000;31(2):347–82; with permission.
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management is helpful in establishing general guidelines, it can be cumber-
some to use, has not been modeled to predict acute life-threatening events,
does not take into account dynamic evaluation over time, and has many im-
portant exceptions (eg, an otherwise low-risk patient with severe hypoxia
would be discharged by strict interpretation of this rule). Additional dis-
charge criteria could include improving and stable vital signs over a sev-
eral-hour observation period, ability to take oral medications, an
ambulatory pulse oximetry more than 90%, home support, and ability to
follow-up. Good clinical judgment should supersede a strict interpretation
of a scoring system. A study in which physicians were educated and pro-
vided the patient’s risk score, however, revealed a significantly lower overall
admission rate, cost savings, and similar quality-of-life scores compared
with patients conventionally managed by their physicians [35]. Another
study randomized patients in PSI class II-III to admission or discharge
home and found that outcomes such as mortality and hospital readmission
were similar, with higher patient satisfaction among outpatients [36]. EDs
Table 2
Risk classes and 30-day mortality rates for the pneumonia severity index
Risk class Points Mortality
I 0.1%
II %70 0.6%
III 71–90 0.9%
IV 91–130 9.3%
V O130 27%
Data from Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to identify low-risk pa-
tients with community-acquired pneumonia. N Engl J Med 1997;336(4):243–50.
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lower admission rates for low-risk patients and higher compliance with an-
tibiotic recommendations [37].
A similar tool that is easier to use is known as the CURB-65 rule [38].
This rule uses only five simple criteria to determine patients at lower risk
for adverse events: Confusion, Uremia (blood urea nitrogen R20 mg/dL),
Respiratory rate 30 breaths/min or more, Blood pressure less than 90 mm
Hg systolic or 60 mm Hg or less diastolic, and age 65 or more. The risk
of 30-day mortality increases with a greater number of these factors present:
0.7% with no factors, 9.2% with two factors, and 57% with five factors. It is
recommended that patients with zero to one feature receive outpatient care,
patients with two features be admitted, and ICU level care be considered for
patients with three or more factors. No randomized trials of hospital admis-
sion strategies have directly compared the PSI to the CURB-65 score. In
a comparison of scores in the same population of CAP patients, the PSI
gave a slightly higher percentage of patients in the low-risk category, with
a similar low mortality rate [39].
The disposition of HIV-infected patients with possible PCP is dictated by
the likelihood of progression to severe disease and by the feasibility of close
outpatient follow-up. Factors associated with decreased survival in patients
who have AIDS and PCP include history of prior PCP, elevated respiratory
rate, abnormal chest examination, WBC count more than 10,300/mm3, ele-
vated lactate dehydrogenase, hypoxemia, hypoalbuminemia, and abnormal
chest radiograph [40]. Patients without multiple poor prognostic factors or
hypoxia may be discharged from the EDwith close outpatient follow-up, ide-
ally within 2 to 3 days.
The decision to hospitalize a patient with pneumonia is not necessarily
a commitment to prolonged inpatient care. Twelve- to 24-hour ED or hos-
pital ward observation may allow the early discharge of some patients.
Other strategies sometimes used in the ED for patients with borderline indi-
cations for hospitalization include an initial parenteral dose of a longer half-
life antibiotic, such as ceftriaxone, with a brief (eg, 2- to 6-hour) observation
period. There are no evidence-based guidelines to identify which types of pa-
tients may be best managed with this strategy. Because these patients receive
62 MORAN et alparenteral antibiotic therapy that would be equivalent to the antimicrobial
component of inpatient care for the first day, it seems appropriate for inter-
mediate-risk patients.Level of careIn some cases it is obvious that a patient requires admission to an ICU,
including patients who are intubated or require vasopressors for hemody-
namic stabilization. It is more difficult to identify patients who do not
require these interventions initially but may be at greater risk for deteriora-
tion and require a level of monitoring that may be beyond what is available
on the typical hospital ward. Up to 45% of patients with CAP who ulti-
mately require ICU admission are initially admitted to a non-ICU setting
[41]. Transfer to the ICU for delayed onset of respiratory failure or septic
shock is associated with increased mortality [42]. Defining ‘‘severe’’ pneu-
monia also has implications for empiric antimicrobial selection. Most stud-
ies of ‘‘severe’’ pneumonia have simply defined it as pneumonia in a patient
admitted to the ICU. Objective criteria using the PSI (class V) and CURB-
65 have been proposed but have not been prospectively validated for the
ICU admission decision. When these criteria were retrospectively studied
in a cohort of CAP patients, they did not perform better than actual physi-
cian decisions [43]. The 2007 IDSA/ATS guidelines include criteria for defin-
ing severe CAP that are based on ATS minor criteria and CURB variables
(Table 3) [1]. They recommend that either of the two major criteria is an in-
dication for ICU admission and that presence of at least three minor criteria
would indicate a need for ICU admission. They also acknowledge that pro-
spective validation of these criteria is needed.
Physicians may prefer to ‘‘err on the side of caution’’ and admit lower-
acuity patients to a higher level of care rather than risk later ICU transfer
from the hospital ward. It is important to recognize that this practice comes
with a cost that may put other patients at higher risk for morbidity and mor-
tality, however. Many ICUs in US hospitals are operating at capacity or
near capacity, and seriously ill patients are spending more time boarding
in EDs when no beds are available. ED overcrowding has adverse impacts
that include ambulance diversions and longer transport times, longer wait-
ing times for patients (some of whom have serious illness that cannot be rec-
ognized until they are evaluated by a physician), and lower overall quality of
care [44]. Transfer of a deteriorating patient to the ICU from the hospital
ward is not necessarily a failure. Some of the appropriate reasons for admit-
ting patients to the hospital are to observe them and quickly move them to
a higher level of care if necessary.Isolation and infection controlMost patients with CAP do not need respiratory isolation. Patients who
are suspected of having a cause of pneumonia that could pose a threat of
Table 3
Criteria for severe community-acquired pneumonia
Minor criteriaa
Respiratory rateb R30 breaths/min
PaO2/FiO2 ratio
b %250
Multilobar infiltrates
Confusion/disorientation
Uremia (BUN level, R20 mg/dL)
Leukopeniac (WBC count, !4000 cells/mm3)
Thrombocytopenia (platelet count, !100,000 cells/mm3)
Hypothermia (core temperature, !36C)
Hypotension requiring aggressive fluid resuscitation
Major criteria
Invasive mechanical ventilation
Septic shock with the need for vasopressors
Abbreviations: BUN, blood urea nitrogen; PaO2/FiO2, arterial oxygen pressure/fraction of
inspired oxygen.
a Other criteria to consider include hypoglycemia (in patients who do not have diabetes),
acute alcoholism/alcoholic withdrawal, hyponatremia, unexplained metabolic acidosis or ele-
vated lactate level, cirrhosis, and asplenia.
b A need for noninvasive ventilation can substitute for a respiratory rate O30 breaths/min
or a PaO2/FiO2 ratio !250.
c As a result of infection alone.
Adapted fromMandell LA, Wunderink RG, Anzueto A, et al. Infectious Diseases Society of
America/American Thoracic Society consensus guidelines on the management of community-
acquired pneumonia in adults. Clin Infect Dis 2007;44(Suppl 2):S27–72; with permission.
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be isolated. Isolation should be instituted as early as possible in the ED
[45]. Patients who have neutropenia are generally placed in reverse isolation.
The ED is a high-risk area for transmission of TB [46]. In many public hos-
pitals, most patients who have pulmonary TB initially present through the
ED [47]. Patients at high risk for TB, such as homeless persons, substance
abusers, immigrants, and medically underserved low-income populations,
frequently use the ED for health care [48]. Patients with TB risk factors of-
ten are cared for at busy public hospitals with long waiting times and
crowded waiting rooms, which increases risk of health care transmission.
Most US EDs do not have TB isolation facilities that comply with recom-
mendations of the Centers for Disease Control and Prevention [49].
Patients suspected of possible pulmonary TB because of a history of TB
exposure, suggestive symptoms (eg, persistent cough, weight loss, night
sweats, hemoptysis), or belonging to a group at high risk for TB (eg, home-
lessness, intravenous drug use, alcoholism, HIV risk, immigration from
high-risk area) should be placed immediately into respiratory isolation until
active TB can be ruled out by further evaluation, including chest radiogra-
phy [50]. Several published prediction models have attempted to assist clini-
cians with deciding which patients require TB isolation [51–53]. These
64 MORAN et almodels are limited by the small number of patients included with TB, how-
ever, and some are complex point-assignment models that are not easily ap-
plied in the busy ED setting. A systematic review of nine clinical prediction
rules for isolating inpatients with suspected TB found that self-reported TB
skin test results and upper lobe chest radiograph abnormalities demon-
strated the strongest association with the diagnosis of TB [54].
HIV-infected patients who present with pneumonia ideally should be iso-
lated until TB can be evaluated by sputum smears for acid-fast bacilli, par-
ticularly individuals with other risk factors for TB. Chest radiography
cannot be relied on to exclude TB in patients who have AIDS because it of-
ten demonstrates diffuse infiltrates as opposed to characteristic cavitary le-
sions. Depending on individual risk assessment, other patients with
noncavitary pulmonary infiltrates, such as inner-city homeless persons or in-
travenous drug users, may need to be isolated for possible TB. EDs that fre-
quently care for patients at risk for TB should adopt triage protocols to
rapidly identify these individuals and get masks and expedited chest radio-
graphs before patients, visitors, or staff are unnecessarily exposed.Empiric antimicrobial treatment of pneumonia
in the emergency department
Timing of antimicrobial therapy
As with any seriously ill patient in the ED, initial attention should focus
on ensuring adequate oxygenation, ventilation, and perfusion. Patients with
underlying asthma or chronic obstructive pulmonary disease who present in
respiratory distress may benefit from bronchodilator therapy and corticoste-
roids. Seriously ill patients who present with severe sepsis or septic shock
require fluid resuscitation and vasopressors [55]. In the ED, empiric
antimicrobial therapy for pneumonia is started before a definite microbio-
logic cause is established. For seriously ill patients who require hospital ad-
mission, antimicrobial therapy should be initiated as soon as possible once
a reasonable suspicion of pneumonia exists because timely administration of
antimicrobial agents has been shown to improve outcomes for hospitalized
CAP patients [56].
The Centers for Medicare and Medicaid Services and the Joint Commis-
sion established administration of antibiotics within 4 hours of ED presen-
tation for adults admitted to the hospital for CAP as a quality measure. This
policy was largely based on a 2004 study that showed that administration of
antimicrobial agents within 4 hours of hospital arrival was associated with
lower mortality and reduced length of stay for Medicare patients over age
65 [57]. For various reasons, many facilities have had difficulty meeting
this standard in a high proportion of patients. EDs in many US cities face
critical overcrowding issues, and patients with pneumonia who do not ap-
pear seriously ill at triage may spend hours in the waiting room before
65DIAGNOSIS AND MANAGEMENT OF PNEUMONIAevaluation. Because the ‘‘clock starts ticking’’ when the patient arrives at tri-
age, the 4-hour time limit may pass by the time a patient is evaluated by
a physician. The diagnosis of pneumonia is not always straightforward,
and even minimal diagnostic testing in the ED may put a patient beyond
the 4-hour window. Much like the problem of retrospective judgment,
case reviews based on the final hospital diagnosis of pneumonia are biased
toward overestimating therapeutic delays of patients who initially appear to
have other conditions, such as congestive heart failure [58,59]. Some facili-
ties have even resorted to a policy of giving antibiotics upon arrival for any
patient with respiratory complaints that might be possibly caused by pneu-
monia. This strategy may improve compliance with the standard but obvi-
ously leads to many patients receiving unnecessary antibiotics [60,61].
The most recent IDSA/ATS CAP treatment guidelines state that the first
dose should be given in the ED (preferably within 6–8 hours of arrival to the
ED) but do not designate a specific time threshold [1]. Giving the first dose
in the ED rather than on arrival to the hospital ward is associated with more
rapid time to first dose of antibiotic and shorter length of hospital stay [62].
A rush to treatment without a diagnosis of CAP can result in inappropriate
antibiotic use, however.Choice of antimicrobial agentsThe antibiotics chosen should provide coverage of the likely causes based
on clinical, laboratory, radiologic, and epidemiologic information. Al-
though it is not possible to predict a specific cause of pneumonia with
a high degree of accuracy, it is possible to choose empiric therapy that
covers the likely pathogens without being unnecessarily broad spectrum.
For most older children and adults with CAP, it is appropriate to choose
empiric regimens with activity against S pneumoniae, H influenzae, and atyp-
ical organisms such as C pneumoniae andM pneumoniae. Recommendations
for empiric therapy for CAP in adults are summarized in Tables 4 and 5.
CA-MRSA has rapidly emerged as the most common pathogen isolated
in community-acquired skin and soft-tissue infections [63] and is increas-
ingly recognized as a cause of CAP. CA-MRSA pneumonia typically pres-
ents as a severe, rapidly progressing pneumonia with sepsis, often in children
or healthy young adults [20]. Antimicrobial agents with consistent in vitro
activity against CA-MRSA isolates include vancomycin, trimethoprim-sul-
famethoxazole, daptomycin, tigecycline, and linezolid. Optimal therapy
for MRSA is a subject of current debate in light of increasing minimum in-
hibitory concentrations for vancomycin [64,65]. Post hoc subgroup analysis
of clinical trials for health care–associated pneumonia found that linezolid
treatment in the subgroups found to have MRSA was associated with im-
proved survival compared with vancomycin [66]. Prospective trials are on-
going to determine whether a difference truly exists. Daptomycin is
inactivated by pulmonary surfactant, so it would not be appropriate for
Table 4
Community-acquired pneumonia in adults: inpatient antimicrobial treatment
Clinical setting Antibiotic regimen Comments
Community-acquired,
nonimmunocompromised
Ceftriaxone, 1 g, every
24 h þ azithromycin,
500 mg, every 24 h IV
or orally
Could substitute
cefotaxime, ampicillin-
sulbactam, or ertapenem
for ceftriaxone
Respiratory
fluoroquinolone
(levofloxacin, 750 mg, IV
every 24 h, or
moxifloxacin, 400 mg, IV
every 24 h)
Treats most common
bacterial and atypical
pathogens
Active versus DRSP
Severe pneumonia (ICU) Ceftriaxone, 1g IV every
24 h þ levofloxacin,
750 mg, IV every
24 h þ vancomycin,
1g, IV every 12 h
Can substitute cefotaxime,
cefepime, ertapenem, or
b-lactam/b-lactamase
inhibitor for ceftriaxone
Can substitute moxifloxacin
for levofloxacin
Can substitute linezolid for
vancomycin
Severe pneumonia with
neutropenia,
bronchiectasis, or recent
hospitalization (risk for
Pseudomonas)
Cefepime, 2 g, IV every 12 h
þ ciprofloxacin, 400 mg,
IV every 12 h þ
vancomycin, 1g, IV every
12 h
Can substitute other
antipseudomonal
b-lactam, such as
piperacillin-tazobactam,
imipenem, or meropenem
for cefepime
Can substitute
aminoglycoside plus
macrolide for
ciprofloxacin
Presumed Pneumocystis
pneumonia
Trimethoprim-
sulfamethoxazole,
160/800 mg IV
every 6 h
Add ceftriaxone to TMP/
SMX, if severe, until PCP
confirmed Alternatives
for sulfa allergy include
pentamidine þ third-
generation cephalosporin;
clindamycin þ
primaquine; atovaquone
þ ceftriaxone
Doses are for 70-kg adult with normal renal and hepatic function.
Abbreviations: DRSP, drug-resistant S pneumoniae; IV, intravenously.
66 MORAN et alempiric therapy of pneumonia. Although it is not necessary to provide em-
piric coverage of MRSA for all pneumonia cases, it should be strongly con-
sidered for patients with severe pneumonia associated with sepsis, especially
persons with concurrent influenza, contact with someone infected with
MRSA, or radiographic evidence of necrotizing pneumonia.
Patients in nursing homes or other extended care facilities are often
brought to the ED when they develop an acute problem, such as dyspnea
or fever. Depending on their level of activity, comorbid conditions, history
Table 5
Community-acquired pneumonia in adults: outpatient treatment
Clinical setting Antibiotic regimen Comments
Previously healthy, no
antimicrobials in last
3 months
Doxycycline, 100 mg orally,
twice a day
Preferred for adolescent/
young adult when
likelihood of mycoplasma
is high; variable activity
versus S pneumoniae
Azithromycin Treats common typical
bacterial and atypical
pathogens
Variety of dosing regimens:
500 mg once followed by
250 mg daily for 4 days;
500 mg orally daily for
3 days; 2 g orally
extended-release
suspension once
Can substitute
clarithromycin
Comorbidities or
antimicrobials in last 3
months
Levofloxacin, 750 mg
orally, daily for 5 days
Can substitute moxifloxacin
or gemifloxacin
Treats common typical and
atypical bacterial
pathogens; active versus
DRSP Use if recently
received b-lactam or
macrolide
Cefpodoxime, 200 mg
orally, twice a day þ
azithromycin, 500 mg
orally, daily
Use if recently received
fluoroquinolones
Can substitute cefdinir,
cefprozil, or amoxicillin/
clavulanate for
cefpodoxime Variable
activity against DRSP
Doses are for 70-kg adult with normal renal and hepatic function.
Abbreviation: DRSP, drug-resistant S pneumoniae.
67DIAGNOSIS AND MANAGEMENT OF PNEUMONIAof prior antibiotic use, and hospitalization, these patients are at increased
risk for infection with resistant organisms such as Pseudomonas aeruginosa,
K pneumoniae (including strains producing extended spectrum b-lacta-
mases), Acinetobacter species, and hospital-associated strains of MRSA.
Other risk factors for infection with multidrug-resistant pathogens include
(1) hospitalization for 2 or more days in an acute care facility within 90
days of infection, (2) attending a hemodialysis clinic, and (3) receiving intra-
venous antibiotic therapy, chemotherapy, or wound care within 30 days of
infection. Any patient with pneumonia that fulfills any of these historical
features, including patients from a nursing home or long-term care facility,
68 MORAN et alis designated as having health care–associated pneumonia, which is associ-
ated with a greater likelihood of resistant pathogens, such as Pseudomonas
and MRSA. Mortality is also higher than with CAP [67]. It is appropriate to
give broader spectrum empiric therapy to patients with health care–associ-
ated pneumonia, usually with a combination of antimicrobial agents to in-
crease the chance that at least one antibiotic is active against the causative
pathogen. Appropriate combinations include an antipseudomonal b-lactam
agent, such as piperacillin/tazobactam, cefepime, imipenem or meropenem,
combined with either an aminoglycoside or a fluoroquinolone and vanco-
mycin or linezolid to cover for MRSA [68].
Studies of antiviral agents for influenza have generally focused on un-
complicated cases, but the impact of treatment on patients hospitalized
with influenza or bacterial complications of influenza is less clear. It is rea-
sonable to add antiviral treatment for pneumonia patients with positive an-
tigen or culture-positive influenza or begin empiric treatment in patients
with compatible clinical findings when influenza is in the community [1].
Neuraminidase inhibitors, such as oseltamivir, are a better choice than
amantadine and rimantadine because they are active against influenza A
and B and because many strains currently circulating in the United States
are resistant to these older agents [69,70].
Patients who have HIV present an extra challenge because of possible risk
for opportunistic pathogens. Because of the potential toxicity of sulfamethox-
azole/trimethoprim (TMP/SMX), empiric treatment with this agent for
well-appearing outpatients with a low probability of PCP is generally not rec-
ommended. An empiric trial of a macrolide may be indicated for treatment of
mild CAP in a patient at low risk for PCP (eg, recent CD4 countO350/mm3).
Any deterioration on outpatient oral antibiotics should prompt admission for
a more extensive evaluation. Some emergency physicians initiate oral outpa-
tient therapy with TMP/SMX or an alternate drug for patients with a high
probability of PCP and favorable clinical parameters, but this should only
be done if a patient can be followed closely for continued diagnostic evalua-
tion and observation for toxicity. It is best done in consultation with the pa-
tient’s continuing care physician.
It is common practice to initiate outpatient therapy in moderately ill pa-
tients for whom hospitalization might be considered, with administration of
an initial parenteral dose of a long-acting antibiotic such as ceftriaxone
(plus an initial dose of macrolide) and extended observation (ie, 12–24 hours)
while administering supportive care such as hydration, antipyretics, and bron-
chodilators before discharge on an oral regimen. Certain patients also might
be brought back to the ED for follow-up in 24 hours, either in person or by
telephone.Anoutpatient regimenof anoral respiratory fluoroquinolone is an-
other option that may be advantageous for moderately ill patients who are
considered borderline for hospitalization. These agents have more reliable ac-
tivity against drug-resistant S pneumoniae and good oral absorption that pro-
vides serum levels comparable to parenteral therapy [71].
69DIAGNOSIS AND MANAGEMENT OF PNEUMONIASummary
Emergency physicians encounter a spectrum of pneumonia patients that
is different than that encountered by infectious disease specialists. Most pa-
tients who have pneumonia and present to the ED can be safely discharged
home on empiric oral antimicrobial agents with minimal diagnostic testing.
Emergency physicians must be skilled at identifying patients who may re-
quire more extensive diagnostic testing, have severe sepsis/septic shock,
are at risk for opportunistic infections such as PCP, and for whom empiric
therapy should be expanded to cover less common organisms, such as CA-
MRSA. Empiric antibiotics should be initiated in the ED, but using arbi-
trary time cutoffs for initiating antibiotics as a quality measure for patients
ultimately diagnosed as having pneumonia is problematic. Decisions regard-
ing hospital admission and level of care are central to emergency medicine
practice and can be aided with prognostic models. It is also important to ini-
tiate infection control measures in the ED when appropriate.
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